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STUDIES IN THE PHOTOPERIODIC 
RESPONSES OF VIOLETS (VIOLA)* 


Norman H. RusseLL 


Department of Botany, Arizona State University, Tempe 


ABSTRACT. Observations by the author and others are cited which indicate that 
the wild violets (Viola) are sensitive in all stages of growth to the length of the 
photoperiod. Studies upon latitudinal variation in flowering time are dealt with in 
detail. In closely related groups of species in Viola, north-south clines in photo- 
period adaptation are demonstrated. These are the Viola affinis, V. sagittata, V. peda- 
tifida, V. sororia, and V. pensylvanica groups. These species show physiological 
clines which parallel morphological clines found in other studies. 


GENERAL OBSERVATIONS 


Studies upon the photoperiodic responses of wild violets (Viola) 
were initiated by the author ten years ago. Observations made through- 
out a year (1950) on the responses of thirteen species to natural day- 
length changes under greenhouse conditions indicated that the 
growth and behavior of violets are very closely related to the length of 
the photoperiod to which they are exposed. This observation confirmed 
those made by others (Huxley, 1943; Madge, 1929; Allard and Gar- 
ner, 1940, p. 60). Not only were open flowers produced in response to 
short daylengths, but cleistogamous flowers were developed after ex- 
posure to longer photoperiods. Leaf shapes, peduncle positions and 
lengths, and other vegetative features varied markedly and consist- 
ently under different daylengths. Most species of violets produce “ju- 
venile” leaves with a smaller lamina surface and different overall 
shape in early spring and late fall. This may be principally the result, 
direct or indirect, of differing photoperiods at these seasons. 

Figure 1 was taken from a paper by Madge (1929), and illustrates 
the annual flowering cycle for V. odorata var. praecox in Great Britain. 
“Semi-cleistogamous” flowers were formed during the periods of 
change from open to closed and closed to open (petaliferous) flower- 
ing. Similar observations were occasionally made by the author in 
studies at the University of Minnesota in 1950. More commonly the 
change was very abrupt, open flowers giving way to closed in a period 
of only one or two days. In Figure 2 the results of observations on 


* The research presented here was supported by a grant (G-4994) from the 
National Science Foundation. 
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Fig. 1. Periods of flowering of V. odorata var. praecox. A—chasmogamous flowers; 
B—semi-cleistogamous flowers; C—cleistogamous flowers (Madge, 1929). 
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Fig. 2. Numbers of observed flowers plotted against time for greenhouse transplants 
of V. lanceolata. Curve in May g flowers; other curves—cleistog 
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Fig. 3. Numbers of observed flowers plotted against time for greenh tr lants of 
V. incognita. Curves in May and November—chasmogamous flowers; curve from May 
to October—cleistogamous flowers. 





several potted plants of V. lanceolata L. subsp. lanceolata are shown, 
and in Figure 3 similar observations on plants of V. incognita Brainerd 
are plotted. The presence of double flowering periods for both open and 
closed flowers may be very significant, as the only major environ- 
mental factor approximately the same at the two periods of time was 
the length of day. A rough calculation indicates that the daylength 
which stimulated maximum spring and fall open flowering was 13 
hours, 32 minutes in V. incognita. Longer summer photoperiods bring- 
ing about the two modes in cleistogene production were approximately 
15 hours, 30 minutes in V. lanceolata and 16 hours, 2 minutes, for V. 
incognita. 

Attainment of “mature” leaf form in Viola is a gradual ontogenetic 
process as indicated by the data plotted in Figures 4 and 5. In the 
violets used (V. lanceolata and V. lanceolata x V. macloskeyi-subsp. 
pallens), summer leaves were broader than spring leaves and also fol- 
lowed a different growth pattern. From early summer onward, new 
leaves reached approximately the same size and shape until the shorter 
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Fig. 4. Lamina length/breadth ratio plotted against time for a crown of V. lanceolata. 
Curves for the first four leaves (A through D) are shown. 
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Fig. 5. Lamina length/breadth ratio plotted against time for the first five leaves of a 
crown of V. lanceolata X V. pallens. 


days of late summer and early autumn, when newly-produced leaves 
reverted to the smaller size and greater relative length of spring leaves. 

Peduncle elongation showed seasonal changes similar to those ob- 
served in leaf growth, the early peduncles being short, the later ones 
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reaching a greater and constant length. A double period of growth 
was observed in peduncles, a second shorter period of elongation oc- 
curring subsequent to fertilization (Fig. 6). 


REGIONAL VARIATION IN FLOWERING TIME 


In 1956 studies were initiated by a student at Grinnell College, Miss 
Janet Jorgenson, under the author’s direction, on geographical vari- 
ation in spring flowering time for the species Viola pensylvanica 
Michx. and V. sororia Willd. The methods employed have not been 
used before, so far as the author is aware. An intensive search of the 
literature was made by Mr. Ted McConnell, a student at Grinnell 
College, with negative results. The greater part of the data compilation 
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Fig. 6. Growth of a flowering peduncle in a plant of V. lanceolata X V. pallens. Key 
to letter symbols: A—flower open; B—flower closed; C—fruit visible; D—pod ereci; 
E—pod open; F—peduncle dead. 


181 











discussed below was made by Mr. McConnell. Several other under- 
graduate students helped with various phases of the investigation. 

In the course of monographic studies on the genus Viola in North 
America, approximately 30,000 herbarium specimens of violets have 
been examined by the author. These were borrowed from more than 
fifty of the larger herbaria of central and eastern United States. Much 
appreciation is due the curators of these herbaria, which will be cited 
specifically in a subsequent paper. 

Recorded from each specimen, for the purposes of the present study, 
were the species name, location and date of collection, and ontogenetic 
condition (open flowering or closed flowering). From these data the 
average date of open flowering in each degree of latitude was plotted 
for each species. Subsequently the photoperiod at this time and latitude 
was determined by taking the time from sunrise to sunset and adding 
the amount of civil twilight. Civil twilight periods were obtained from 
a nautical almanac and represent the periods between sunrise and 
sunset when the sun is 6° or less below the horizon. The observations 
are grouped below under species groups of known or suspected evolu- 
tionary affinities. 


THE VIOLA AFFINIS GROUP 


Unpublished observations by the author on morphological variation 
and hybridization throughout the ranges of the ‘“‘stemless blue” violets 
(Section Plagiostigma, Subsection Boreali-Americanae) have led to 
certain hypotheses regarding their genetic affinities. These will be dis- 
cussed at length in another paper. One of the clearest cases of close 
genetic relationships exists between eight named species of blue-flow- 
ered, acaulescent violets: Viola affinis LeConte, V. floridana Brainerd, 
V. missouriensis Greene, V. viarum Pollard, V. langloisii Greene, V. 
chalcosperma Brainerd, V. latiuscula Greene, and V. rosacea Brainerd. 
Viola chalcosperma, V. latiuscula, and V. rosacea are apparently local, 
simple genetic forms, and should not be given taxonomic recognition. 
The other five violets in this group are rather distinct regional repre- 
sentatives (species or subspecies) of this complex. The ranges of the 
latter are outlined in Figure 7. 

A variety of morphological clines has been found among these five 
violets in such characteristics as lamina shape, pubescence, and rela- 
tive peduncle length. Their time of blooming and presumed photo- 
period requirements were plotted to discover whether or not physio- 
logical clines might also exist. The average daylengths at which flow- 
ering occurred for each of the five species are plotted in Figure 8. A 
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Fig. 7. Generalized ranges of: A—V. affinis; M—V. missouriensis; V—V. viarum; 
L—V. langloisii; and F—V. floridana. 
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Fig. 8. Photoperiods (vertical scale) at time of blooming at each latitude (horizontal 


scale) for: A—V. affinis; M—V. missouriensis; V—V. viarum; L—V. langloisii; and 
FEV. floridana. 


general north-south cline is apparent for each species. Even more sig- 
nificant is the latitudinal overlap in photoperiods when maximum 
flowering occurs for each species. This may be considered as corrobora- 
tive evidence of their common origin and close genetic relationships. 
Together with the evidences from morphological studies these data 
suggest that the five taxa might better be considered as subspecies of a 
large species complex. This possibility will be dealt with in a subse- 
quent paper. 


THE VIOLA SAGITTATA GROUP 


Two common, lanceolate-leaved, stemless blue violets are V. sagit- 
tata Ait. and V. fimbriatula Sm. A third named species, V. emarginata 
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(Nutt.) LeConte, thought to belong to this complex, has recently been 
shown to be a miscellaneous group of hybrids involving V. sagittata, V. 
fimbriatula, and a variety of other stemless blue violets (Russell and 
Risser, In Press). Both V. sagittata and V. fimbriatula are distinguished 
by lanceolate leaves and blue corollas, but differ in several rather 
minor characteristics. Their close relationship is indicated by their 
photoperiod adaptations, as shown in Figure 9. They are not separated 
latitudinally in nature, but instead by habitat, V. fimbriatula occurring 
at higher elevations and drier locations than V. sagittata. 


VIOLA PEDATIFIDA G. DON AND VIOLA PALMATA L. 


These two species have not heretofore been suspected of close ge- 
netic relationship. However, the studies of the author indicate consid- 
erable morphological overlap in northwestern Ohio and southern 
Michigan (Figure 10), and the extremely dissected form of V. palmata 
in the Appalachian Mountains suggests an affinity to V. pedatifida of 
the midwestern disclimax prairies. On several occasions eastern V. 
palmata has been mistaken for V. pedatifida. The photoperiods at the 
time of spring flowering (Figure 11) tend to bear this affinity out, 
though in not so striking a fashion as in the previous two species 
groups. 


VIOLA SORORIA WILLD. AND VIOLA TRILOBA SCHWEIN. 


It is often difficult to distinguish these two species in the field, their 
only recognizable difference being the entire leaves of V. sororia and 
the basally three-lobed leaves of V. triloba, a characteristic that shows 
complete morphological overlap. A variety of V. triloba (var. dilatata 
(Ell.) Brainerd), found in the southeastern, southern, and southwest- 
ern parts of the species range, has very deep sinuses and usually five 
distinct lamina lobes instead of three. The relationships of these two 
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Fig. 9. Photoperiods at time of blooming for S—V. sagittata and F—V. fimbriatula. 
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Fig. 10. Generalized ranges of: PE—V. pedatifida; and PA—V. palmata. 
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Fig. 11. Photoperiods at time of blooming for PE—V. pedatifida and PA—V. palmata. 


species are indicated by the similarity of the curves in Figure 12, but 
the degree of separation of the parallel lines of regression may indicate 
significant genetic differences between them and hence some justifica- 
tion of their recognition as distinct taxa. 


EASTERN STEMMED YELLOW VIOLETS 


The last taxa to be considered belong to a small, distinct genetic 
group. The five members are V. pensylvanica Michx., V. pubescens 
Ait, V. tripartita Ell., V. hastata Michx., and V. glabella Greene. Much 
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work has been done on the four eastern members of the group (V. 
pensylvanica, V. pubescens, V. tripartita, and V. hastata) by Cain and 
Dansereau (1952, and in preparation). The photoperiod curves for 
these four species are plotted in Figure 13 and, as in the previous cases, 
may indicate fairly close genetic ties. 


16 
iS 
ye 
4 


13 S 





12 





3JO HH 32 33 M HH 36 37 38 39 40 41 42 43 44 45 


Fig. 12. Photoperiods at time of blooming for S—V. sororia, TT—V. triloba var. triloba, 
and TO—V. triloba var. dilatata. 
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Fig. 13. Photoperiods at time of blooming for PU—V. pubescens, PA—V. pensylvanica, 
T—V. tripartita, and H—V. hastata. 
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MORPHOLOGICAL VARIATION IN MESQUITE 
(PROSOPIS, LEGUMINOSAE) IN THE 
LOWLANDS OF NORTHEASTERN 
MEXICO’ 


JoserH D. GRAHAM 


The Plant Research Institute and Department of Botany, 
The University of Texas, Austin 


ABSTRACT. A detailed study of morphological variation in mesquite (Prosopis ) 
from 17 sites in northeastern Mexico shows a definite correlation of leaf length with 
secondary-leaflet size, number of pairs of primary leaflets per leaf, and number of 
spines per node. These morphological characters are also correlated to some extent 
with geographic location, with some exceptions; intermediates occur which indicate 
the occurrence of hybridization between the long-leaf mesquite, P. glandulosa Torr., 
and the short-leaf form, for which Neltuma palmeri Britt. & Rose is the only avail- 
able name. The contact zone between the two kinds remains fairly static at present 
because of environmental pressures and/or partial isolation, the mechanisms for 
which are at present unknown. 


Mesquites (Prosopis Sect. Algarobia DC. emend. Burk.) of the 
southwestern United States and Mexico are polymorphic and variable 
(Standley, 1922; Burkhart, 1940; Benson, 1941). During the course 
of work in northeastern Mexico, opportunity was provided for a de- 
tailed study of some of the morphological variation. 

Preliminary reconnaissance over a wide area in the Gulf lowlands 
of northeastern Mexico showed that, in general, the mesquite growing 
in southern Tamaulipas, southern Nuevo Leon, extreme eastern San 
Luis Potosi, and extreme northern Veracruz had, among other dif- 
ferences, shorter leaves and smaller secondary leaflets than those 
growing in northern Tamaulipas and northern Nuevo Leon, and that 
the contact zone between the short-leaf and long-leaf mesquites is in 
the vicinity of the Rio San Fernando. The map (figure 1) shows this 
contact zone. 

The circumscriptions of the mesquites of the United States by Benson 
(1941) is excellent, though the writer prefers to remain noncommital 
as to their rank (varieties versus species). The long-leaf mesquites 
occurring in Texas and southward into northern Tamaulipas and 


1 The writer is grateful to Drs. Don Hunsaker and M. C. Johnston, and to Prof. 
C. McMillan for valuable suggestions during the course of the investigation and the 
preparation of the manuscript. 
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Fig. 1. Map showing the overlap zone between the long and short leaved varieties of 
mesquite in northeastern Mexico. To the north of this zone only the long leaved variety has 
been found and to the south the short leaved variety and a very few intermediates are found. 


northern Nuevo Leon take the name P. glandulosa Torr. (or, P. juli- 
flora (Sw.) DC. var. glandulosa (Torr.) Cockerell). For the short- 
, leaf mesquites the only name presently available in published litera- 
ture is Neltuma palmeri Britt. & Rose. A more detailed taxonomic 
treatment is being prepared by Dr. M. C. Johnston and will be pre- 
sented subsequently. 


Leaf length and secondary-leaflet size were merely the most con- 
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spicuous of the differences noted in the field. Correlated with these 
data were number of spines per node and number of pairs of primary 
leaflets per leaf. 

More detailed data were taken along federal highway 101 from a 
point south of Jimenez, Tamaulipas to a point north of San Fernando, 
Tamaulipas (figure 2). Collections of from 9 to 12 individuals were 
made at sites situated at intervals along this highway. Measurements 
of maximum petiole length, maximum primary-leaflet length, and 
maximum secondary-leaflet length and width were made from these 
collections. The number of pairs of primary leaflets per leaf and num- 
ber of spines per node also were recorded. The same data were re- 
corded from trees in the field at sites 27 and 47 miles south of 
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Fig. 2. Map showing the collection sites for the populations included in this study in 
relation to Cuidad Victoria, Jimenez, San Fernando, and Mendez, T. lipas, Mexico. 
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Jimenez, and at the junction of the Reynosa-San Fernando road with 
the road to Mendez, Tamaulipas. At each of these last three sites a 
minimum of 5 plants was included. 

Measurements of primary leaflet and petiole length were made 
from the largest normal leaves on individual plants. Secondary leaflet 
length and width measurements were made from the largest secondary 
leaflets occurring near the mid point on the primary leaflets. Number 
of pairs of primary leaflets per leaf and number of spines per node, 
cover the range of conditions found on each individual plant. 

A simple approximation of secondary-leaflet area was obtained by 
multiplying the maximum secondary-leaflet length by the maximum 
secondary-leaflet width for each individual at each site. These figures 
were then averaged for each site and the data plotted on a graph 
(figure 3). Also presented in this graph are the average leaf lengths 
for each site. Leaf length was obtained by adding the maximum petiole 
length to the maximum primary-leaflet length for each individual. 
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Fig. 3. Graph showing site average maximum leaf length and average maximum second- 





ary leaflet area plotted in geographical sequence from south to north. 
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The two curves are quite similar, the one for leaf length being the 
more pronounced of the two. 

The comparisons of average conditions for the various characters 
studied show a correlation between leaf length, secondary leaflet area, 
number of spines per node, and number of pairs of primary leaflets 
per leaf. In the northern stations, where the long-leaf condition is 
characteristic, larger secondary leaflets, fewer pairs of primary leaf- 
lets per leaf, and fewer spines per node were also characteristic. The 
opposite is true for the southern stations, and at those stations having 
leaves of intermediate length the other characters are also intermedi- 
ate. There is some variation in the degree of correlation, but this is 
probably significant only as an indication of genetic recombination 
subsequent to hybridization of the two varieties in the overlap zone. 

If leaf length is plotted against the number of primary leaflets per 
leaf (figure 4), the populations studied fall into three groups with 
intermediate populations linking the groups. These groups are roughly 
geographic in arrangement, with some exceptions. 


.80 .90 100 110 120 130 1.40 


Gp. lll 


2.0 


25 


average pairs primary leafiets per leaf 





3.0 


average moximum leaf length 
Fig. 4. Scatter diagram of average number of pairs of primary leaflets per leaf by sites 


plotted against average maximum leaf length by site. Shows the general groupings and the 
intermediate populations. The symbol (R) indicates populations of “running mesquite.” 
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Group I consists of populations 1, 2, 4, 6, 7, and 8A. Population 8A 
is the prostrate form, commonly referred to as “running mesquite.” 
All of these are in the zone ranging from 47 miles south of Jimenez to 
15 miles north of Jimenez. Group II consists of populations 3, 5, 9, 
10, 11, and 16. Population 16 is, like 8A, “running mesquite” which 
perhaps explains the apparent discrepancy of its grouping. Population 
3 is 10 miles south of Jimenez and population 5 is one mile north of 
that city. Group III is made up of populations 13, 14, 15, and 17, all 
of which are 40 or more miles north of Jimenez. Population 8 (from 
the same station as 8A, but quite distinctly arborescent in growth 
form in contrast to the prostrate form of the plants from 8A) is inter- 
mediate between Groups I and II, and population 12 is intermediate 
between Groups II and III. Population 8 is at the northern limit of 
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Fig. 5. Scatter diagram with both average number of pairs of primary leaflets per leaf 
and average maximum secondary leaflet area plotted against averge maximum leaf length 
to show the relationship of the first two characters through their relation to the latter 
character. 
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Group I and 5 miles south of the southern limit of Group II. Popula- 
tion 12 is 5 miles north of the northern limit of Group II, with the 
exception of population 16, and is 5 miles south of the southern limit 
of Group III. 

The groupings and intermediates, as revealed by this scatter dia- 
gram (figure 4), suggest that hybridization has been a rather common 
event between the two varieties for quite a long period of time. The 
populations which fall into groups out of their geographical position 
also support the hybridization thesis. 

Further support is given by the fact that scatter diagrams based on 
other combinations of characters give the same general picture with 
reference to the various populations. In figure 5, both secondary-leaflet 
area and the number of pairs of primary leaflets per leaf are plotted 
against leaf length to show this correlation. 

On the basis of information derived from this study it seems logical 
to assume a fairly close association of the genes controlling leaf length, 
secondary leaflet size, number of pairs of primary leaflets per leaf, and 
number of spines per node. 

The maintenance of the contact zone between the two varieties in 
a relatively static condition could be due to environmental factors, or 
possibly partial isolation due to variations in the time of flowering from 
year to year, with the two varieties only rarely coinciding in this. 

The writer has been associated with another phase of the study of 
mesquite which involved growing in the greenhouse, and in a uniform 
garden, plants derived from seed collected over a wide geographic 
range. This type of study gives promise of further support for the 
genetic association suggested above for the morphological characters 
discussed in this paper. 
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BARN OWL PELLETS AND SMALL MAMMAL 
POPULATIONS NEAR MATHIS, TEXAS, 
IN 1956 AND 1959* 


GeraLD G. Raun 


Department of Zoology, University of Texas 


ABSTRACT. Two series of owl pellets, collected near Mathis, Texas, were ana- 
lyzed. Changes in percentages of prey items from 1956 to 1959 indicate an increase 
in the numbers of Sigmodon hispidus. This increase caused a reduction in the use of 
other prey species by the owls. The foraging habits of the owls changed with an 
increase in food supply in the nesting area. 


INTRODUCTION 


Certain species of small mammals that are seldom trapped, particu- 
larly shrews, are often common in ow! pellets. Most reports on the 
small mammals found in owl pellets concern food habits of owls, range 
extensions or local abundance of rare species, or faunal lists. Also, 
most pellet collections are made at one time. Little use has been made 
of owl pellet analysis in the study of small mammal population dy- 
namics. One such study is that of Craighead and Craighead (1956) 
on the relationship between raptor and prey populations in Michigan. 
Fitch (1947) collected pellets from a 4,600 acre plot during four years 
and correlated food habits of owls with rodent population densities. 
Evans and Emlen (1947) studied the monthly variation in the diet of 
a single owl over the period of a year. They did not trap concurrently 
although they did have some information on rodent population fluc- 
tuations. These works and others have shown that the frequency of 
occurrence of a prey species in owl pellets tends to follow the popula- 
tion fluctuations of that species. 

The results of an analysis of owl pellet material from one locality 
are reported here and the possible value of owls in studies of mam- 
malian population dynamics is stressed. 


METHODS AND MATERIALS 


Four collections of pellets were made from a bluff on the west shore 
of Lake Corpus Christi, Jim Wells County, about seven miles south- 


* Contribution #50, Welder Wildlife Foundation, Sinton, Texas. 
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west of Mathis, Texas. This clay and caliche bluff rises steeply from 
the water’s edge to a height of about 30 feet. Several holes have been 
dug into the face of the bluff and these are occupied by barn owls. The 
top of the bluff is capped by caliche and supports a dense growth of 
thorny brush and prickly pear cactus (Opuntia). One collection was 
made in 1956 and three in 1959. 

Few complete pellets were found. They evidently break down 
rapidly due to weather conditions, insect action and trampling by the 
owls. Consequently, the material was mainly pellet fragments and 
loose detritus scraped up from the floors of the nest holes or from 
around the openings. Most, if not all of the pellets, were those of barn 
owls (Tyto alba). Once a great horned owl (Bubo virginianus) was 
seen to fly from a hole. Three of the four nest holes were occupied by 
barn owls in 1959. Young of three different sizes were present in the 
nests in June of 1959. 


DISCUSSION 


Thirteen species of mammals were identified. Only five species were 
represented in appreciable numbers (Table I). In 1956, the cotton 
rat (Sigmodon hispidus) and the hispid pocket mouse (Perognathus 
hispidus) were the most important food items, comprising 32% and 
29% of the sample respectively. Pygmy mice (Baiomys taylori), rice 


TABLE 1 


Prey Items of Barn Owls from Mathis, Texas as Revealed by Analysis of Pellets 








1956 1959 








Species No. of Individuals  % Frequency No. of Individuals % Frequency 
Sigmodon hispidus 93 31.5 375 89.1 
Perognathus hispidus 86 29.2 + 1.0 
Baiomys taylori 34 11.4 2 0.5 
Oryzomys palustris 31 10.4 + 1.0 
Peromyscus sp. 27 9.2 16 3.7 
Notiosorex crawfordi 12 4.1 0 0.0 
Reithrodontomys fulvescens 6 2.0 3 0.7 
Neotoma micropus 5 1.6 3 0.7 
Cryptotis parva 1 0.3 2 0.5 
Sylvilagus sp. 0 0.0 6 1.4 
Perognathus merriami 0 0.0 1 0.2 
Mus musculus 0 0.0 2 0.5 
Onychomys leucogaster 0 0.0 3 0.7 
Spizella sp. 1 0.3 1 0.2 

TOTALS 296 100.0 421 100.2 
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rats (Oryzomys palustris) and white-footed mice (Peromyscus sp.) 
were eaten frequently. Harvest mice (Reithrodontomys fulvescens), 
wood rats (Neotoma micropus) , desert shrews (Notiosorex crawfordi) , 
little short-tailed shrews (Cryptotis parva) and a passeriform bird 
(Spizella sp.) were also identified. The presence of 12 Notiosorex was 
unexpected. This shrew is seldom collected by conventional means, 
although it may be fairly common. 

Collections were made in February, May and June of 1959. These 
collections have been combined in Table I as they did not appreciably 
differ. Changes in the diet of the owls are shown in Table I. Sigmodon 
hispidus provided 89% of the food items in 1959 and only 32% in 
1956. The numbers of Perognathus hispidus, Baiomys, Oryzomys and 
Peromyscus decreased significantly. 

The population of Sigmodon in the area hunted by the owls evi- 
dently was much higher in 1959 than in 1956. This is correlated with 
the great population explosion of cotton rats experienced in 1958 west 
of Mathis. This outbreak affected an area extending from Garden City, 
Texas, northward into southern Kansas (Davis, 1958). Farmers near 
Mathis reported more rats than usual in the fall of 1958 but there 
were no reports of crop damage. Possibly, the population buildup here 
may have lagged behind that of the plague areas, both in time and 
in numbers. Cotton rats were rare on the Welder Wildlife Foundation 
Refuge. 25 miles east of Mathis in the fall of 1958 when the western 
populations were at their highest. Thus, in the fall of 1958 Sigmodon 
populations were highest near Garden City, Texas, at a lower level 
near Mathis and rare along the coast. By the fall of 1959 the western 
populations had decreased considerably. The Mathis population was 
probably still fairly high and populations in coastal San Patricio 
County were beginning to rise. At the present time (1960) the Mathis 
population does not seem to be exceptional and trapping records at the 
Welder Refuge indicate that the population is still increasing. This 
picture, derived from rather incomplete information, is one of a popu- 
lation expansion which was out of phase from west to east, and de- 
creasing in severity. The expansion phase of this cycle began along 
the western portion of the species range in Texas in the fall of 1958 
and progressed eastward toward Sinton, the increase beginning there 
in the fall of 1959. The eastern segment of the species population ap- 
pears to be still increasing. 

In 1956 Perognathus hispidus and Baiomys taylori provided 41% 
of the items found in the pellets. The area immediately surrounding 
the nest sites is not a habitat that is favorable to these two species. It 
is dense brush with little ground cover. The soils are mostly hard 
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clays and caliche. The nearest locality of good habitat for Baiomys and 
particularly for Perognathus is about three miles from the roosts. Thus 
the owls must have been flying that far fairly frequently. Evans and 
Emlen (1947) report a hunting range of 165 acres for a barn owl in 
California. Sigmodon, often considered to prefer grassland, is found 
commonly in brush, particularly around clumps of prickly pear. The 
woodrat (Neotoma micropus) is abundant in the area but is taken 
infrequently by the owls. Its habit of living in and largely restricting 
its activities to cactus clumps probably renders the woodrat virtually 
invulnerable to avian predation. In addition Neotoma is probably ap- 
proaching the maximum size limit for prey of barn owls. Neotoma 
provided only about 2% of the 1956 sample and 1% of the 1959 
sample. 

In order to interpret the changes in the owl’s diet from 1956 to 
1959 certain assumptions must be made as there was no live trapping 
in the area to check population densities. In 1956 the area had been 
suffering from about five years of sub-normal precipitation. In 1959 
the rainfall in eastern San Patricio County was about four inches 
above the annual average of 31 inches. However, it is assumed that 
the relative abundance of the various prey species was more nearly 
normal in 1956 than in 1959 when the Sigmodon population was so 
high. Two interpretations as to why the prey items other than Sig- 
modon decreased in the 1959 sample are: (1) The great increase in 
the numbers of Sigmodon reduced the population levels of the other 
species through increased competition. (2) The increased availability 
of Sigmodon caused them to be eaten more often than other rodents. 
The latter alternative is the most probable. Availability is the most 
important single factor in determining the amount of predation on 
any given species of prey animal. Also, one cotton rat provides bulk 
and food value equal to several smaller animals. As numbers of Sig- 
modon increased they were eaten more often. As the numbers eaten 
increased the numbers of Baiomys, Perognathus, Oryzomys and Pero- 
myscus in the diet decreased at a much faster rate, even though their 
numbers may have remained constant or increased. 

A second factor may have been involved. The species which show 
the greatest decrease were those which the owls had to fly the farthest 
to obtain. Peromyscus, which is probably fairly common in the nest 
area, decreased less than did the other important prey items. There 
does not appear to be adequate habitat for Oryzomys within about a 
mile of the owl nests. The owls may have reduced their hunting radius 
in response to a greater supply of food in the nest area. 

The abundance of Sigmodon may have favored other rodents in the 
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area by reducing predation upon them, if other conditions were favor- 
able and there was little inter-specific competition. This warrants 
further investigation. 

Another unanswered question is what happened to the Notiosorex? 
This species is absent from the 1959 sample while it comprised 4% of 
the 1956 sample. Little is known about the habits of this rare shrew 
except that it is a xeric-adapted species. Perhaps dryer conditions in 
1956 favored it. On the other hand it may be absent from the 1959 
diet simply because it is too small to interest an owl with a stomach 
full of Sigmodon. 

The 1959 Sigmodon sample was subdivided by age-classes. These 
somewhat arbitrary divisions are based on the stage of eruption of the 
third molar and the amount of wear of the teeth. Individuals having 
an unerupted or incompletely erupted third molar were classed as 
juveniles. Those having a completely erupted third molar but little 
or no wear were classed as young adults. If the molars all showed wear 
but still retained the enamel pattern the individuals were considered 
adults. Old adults had badly worn teeth with litttle or no pattern re- 
maining. 

Percentages of these age classes in February, May and July are 
shown in Table II. The number of young individuals increases from 
February to July. However, the July sample is small, the skulls of 
young individuals break apart more readily than those of older in- 
dividuals, and pellets in February had been present longer than those 
collected in May and July. Therefore, the percentage of young in the 
February sample may be too low, and the trend misleading. Some in- 
formation on the breeding of Sigrmodon in south Texas has been ob- 
tained incidental to population studies of Baiomys and Neotoma in 
progress at the Welder Wildlife Foundation. These data, although 
incomplete, are adequate for a general picture. Cotton rats breed 


TABLE 2 


Age Classes of Sigmodon in Three Sub-samples of Pellets from 1959 








Percent Frequency 








February May July 
Age Classes 239° 108* 16* 
Juveniles 3.5 9.3 8.7 
Young Adults 6.5 10.8 55.8 
Adults 79.9 56.4 31.5 
Old Adults 10.1 23.5 4.0 








* Sample size. 
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throughout the year with peaks of breeding activity in the late fall 
and spring. More young individuals are found in the spring and early 
summer than in the fall and winter. The trend in the age classes of 
samples from ow] pellets fits this pattern. 


CONCLUSIONS 


Information derived from analysis of small samples of owl pellets 
may show what owls have been eating, or what mammals, vulnerable 
to owl predation, are present. Larger samples, collected over longer 
periods, can yield information about population dynamics of small 
mammals. 

From the samples used I conclude that: 

1. The population of Sigmodon was higher near Mathis, Texas in 
1959 than in 1956. This is verified by reports from farmers in the 
area. 

2. The availability of Sigrnodon caused a decrease in the amount of 
predation by owls on other prey species. The species affected the most 
were those which probably do not inhabit the area surrounding the 
nest sites, Perhaps this effect is due, in part, to a reduction of the owl’s 
hunting radius. 

3. Breeding cycles in the prey species may be detected if adequate 
samples are available. A peak in the breeding activity of Sigmodon in 
the spring is indicated by analysis of age-classes in material from owl 
pellets and by other data. 

4. A species, which owls can and do prey upon, may be abundant 
in an area but not enter into the owl’s diet to any appreciable degree 
because habits or habitat render the individuals of that species rela- 
tively invulnerable, for example Neotoma in the area studied. Avail- 
ability, or population density, and vulnerability both influence the 
amount of predation. 
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EXPERIMENTAL OBSERVATIONS ON THE 
FEEDING OF SPADEFOOT TADPOLES 


ARTHUR N. Braco 


University of Oklahoma, Norman 


ABSTRACT. Tadpoles of Scaphiopus bombifrons, studied experimentally, were 
found to influence each other in feeding movements, to react to chemical more than 
to physical stimuli from offered food materials, and to recover vigor when fed plant 
foods after being subjected to a nutritional deficiency, if degeneration had not 
progressed too far. These tadpoles rejected as food both living and dead tadpoles of 
a toad (Bufo compactilis speciosus Baird) sympatric with them (an unexpected 
and unexplained result). 


Tadpoles of the spadefoot genus, Scaphiopus (including Spea), 
typically develop in temporary pools in many of which the evapora- 
tion rate is so high that they are in danger of desiccation before de- 
veloping sufficiently to emerge to the land as juveniles. Of necessity, 
their developmental rate is higher than in most Salientia under com- 
parable conditions (Bragg, 1959; King, 1960) but this implies an 
abundant food supply. As might be expected, these tadpoles are very 
adept at searching out any source of organic matter present and some- 
times cooperate in these endeavours (Richmond, 1947; Bragg, 1950; 
Bragg and King, 1960). Some species are sometimes cannibalistic 
(Ball, 1936; Bragg, 1946) and one species at least (S. bombifrons 
Cope) has dimorphic tadpoles, one type cannibalistic upon the other 
(Orton, 1954; Bragg, 1957; Bragg and Bragg, 1959). Despite their 
fondness for food of animal crigin, however, they cannot subsist upon 
an animal diet alone (Trowbridge and Trowbridge, 1937). 

In nature, their feeding behavior varies greatly at different times 
and places. Planktonic feeding occurs in S. h. holbrooki (Richmond, 
1947). This form, as well as S. A. hurteri Strecker, sometimes forms 
cooperative schools which in the latter, at least, are social in character 
(Bragg, 1957, 1957a, 1959). Feeding aggregations also sometimes oc- 
cur in S. couchi Baird and S. bombifrons, in the latter, at least, of both 
social and asocial types (Bragg and King, 1960). 

Most of my own observations on food and feeding in spadefoot tad- 
poles have been made in pools of different types (Bragg, 1950) or in 
the same pools in different vears (Bragg, 1957, 1957a, 1959). During 
these observations, it has occasionally been noted that a few tadpoles 
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among the thousands commonly present, became emaciated, gradually 
weakened and eventually died, with no apparent cause. When reared 
in the laboratory, a larger proportion usually have done so, whether 
fed upon algae, boiled lettuce, or one or both of these supplemented by 
any of several commercial tropical-fish foods. This happens, also, inde- 
pendent of temperatures within wide limits and independent of 
whether or not air be bubbled through the water in the cultures. 

When such weakened tadpoles die, they are usually eaten by their 
healthy fellows which then immediately show an enhancement of 
their growth rates, a phenomenon also long ago observed in Bufo cog- 
natus Say (Bragg, 1940). Since in Scaphiopus holbrooki hurteri, both 
in the laboratory (Bragg, 1950) and in the field (Bragg, 1957), dead 
tadpoles used as food stimulates growth and/or developmental rate, a 
special dietary factor has long been suspected. 

In some unpublished experiments performed several years ago, 
dried pool-bottom mud with its contained debris from various pool 
sites was tested as the total external food sources for tadpoles of S. h. 
hurteri. In some cultures all tadpoles died in a few days; in others all 
remained healthy, developed normally and eventually metamor- 
phosed; but in most of them only one to three of ten survived through 
eating their dead fellows. (See also Bragg, 1950.) 

Since Scaphiopus tadpoles usually sense the presence of food very 
quickly, I have also been interested in knowing whether they respond 
principally to physical or to chemical stimuli (or equally to both). 
Sight seems to play a part but earlier experiments were inconclusive 
in this matter (Bragg, 1950). 

All of my earlier experimental studies have been made upon S. 
h. hurteri. Since recent field studies show some behavioral differences 
of tadpoles of this species from S. bombifrons in nature (Bragg and 
King, 1960), I have used the latter in the following experiments. 

The tadpoles were collected at the site studied by Bragg and King, 
four miles north of Sayre, Beckham County, Oklahoma, on June 18, 
1959, all from non-cannibalistic, unaggregated tadpoles at site III of 
Bragg and King (1960). In the Laboratory they were placed in four 
large, flat, glass culture dishes, two of them supplied with air bubblers. 
They were fed on a tropical fish food (which they ate avidly) until 
experiments were started a few days later. At this time, all were well 
rounded in body, active and healthy in appearance but varying con- 
siderably in size. Age (or ages) was unknown. 

Experiment 1. Does feeding behavior depend on numbers present? 
About half of the hundreds of tadpoles were placed into a clean culture 
dish of freshly drawn tapwater. This was labeled A. About half as 
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many were placed into similar dish, B. About % of those remaining 
were put into dish C, the other 14 into D. The animals, therefore, were 
progressively less crowded from A to D. They were given no food for 
2 hours; then the water was changed in each dish. Temperatures were 
determined to be within 1° C. (28-297) the same in all four dishes. 
Then, Long Life Tropical Fish Food (Medium) was sprinkled in small 
quantity on the water of each dish and the movements of the tadpoles 
noted. In A, great agitation occurred within a few seconds; in B, the 
agitation seemed less; and in C, was definitely so. In D, while the tad- 
poles increased their movements as they discovered the food, no real 
agitation occurred. In view of the field observations on some asocial 
feeding schools (Bragg and King, 1960), it seems obvious that tadpoles 
of S. bombifrons are stimulated in their feeding movements by their 
fellows in approximate proportion to the numbers present. This is also 
in accord with many observations made earlier on S. h. hurteri. 

Experiment 2. Do the tadpoles react to chemical or physical stimuli 
(or to both) in finding food? 

Tropical fish food (same kind as in Exp. 1) was boiled in two con- 
centrations, cooled, and filtered. New pipettes were used in handling 
each. Ten tadpoles were taken at random from a culture in which no 
food had been available since the water was changed and placed into a 
finger bowl of freshly drawn tapwater. This was labeled A. Similar 
preparations were made and labeled B, C, and D. These were treated 
thus: 

A. Food was sprinkled on the water surface (as in Exp. 1). Re- 
actions were as expected. 

B. Concentrated bouillon made from the food was offered by very 
slowly lowering a pipette into the water without pressure on the bulb. 
Two tadpoles immediately came to the end of the pipette and began 
feeding movements. In a few seconds, other joined them. In two min- 
utes all were about the pipette end acting as though trying to feed. 1 
then gently forced some of the bouillon into the water. Immediately, 
all tadpoles increased their movements and tried to feed. This was re- 
peated several times with the same results. Lowering a clean pipette 
into the water was without response, thus showing that the reaction 
was to the liquid. 

C. I repeated (B) with the less concentrated bouillon with the same 
result as in B. 

D. To test particulate matter essentially insoluble and non-nutri- 
tious, I used carmine powder, sprinkled on the surface, as in A. The 
result was essentially negative. A few tadpoles, however, made a brief 
“investigation” of the particles apparently attracted by sight. 
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Food attraction under the conditions used is largely chemical in 
nature but particles per se may be investigated, probably by sight. The 
very quick reaction to nutritious particles (A) as opposed to innutriti- 
ous ones (D), apparently indicates one of two things: either (1) the 
tadpoles’ chemical sense is very acute, or (2) they distinguish quickly 
by sight nutritious from innutritious particles. B and C above imply 
the former, which is probably correct, especially since, in nature, these 
tadpoles often ingest many sand grains and other earth particles from 
the bottom of pools along with nutrients. 

Experiment 3. The known marked carnivorous and cannibalistic 
tendencies of S. bombifrons tadpoles (Trowbridge and Trowbridge, 
1937; Orton, 1954; Bragg, 1956; Bragg and Bragg, 1959), together 
with the marked effect on growth rates of dead tadpoles used as food by 
S. h. hurteri (Bragg, 1950, 1957), suggested that sympatric Bufo tad- 
poles would further test the chemical sense of the animals. Sun-dried 
tadpoles of Bufo compactilis speciosus Baird, collected in nature, were 
used as in experiment 2, i.e. boiled, filtered cold and the extract offered 
by pipette. The reaction was definitely negative, a wholly unexpected 
result. Repeating the experiment ten times made no difference. The 
spadefoots not only did not approach the area where the toad-tadpole 
extract was but they definitely avoided it. I then placed the softened. 
boiled tadpoles in the center of a finger bowl of tapwater with ten 
S. bombifrons tadpoles and they all avoided the boiled Bufo tadpoles. 
I then placed some of the sundried, unboiled Bufo tadpoles in another 
dish of water with ten other $. bombifrons tadpoles known to be hun- 
gry. After two hours, the spadefoots still avoided the Bufo. 

I then prepared another dish. put some more dried Bufo tadpoles into 
the water and let it stand for several hours in a warm room. After I 
was certain bacterial decay had started, I used this on S. bombifrons 
tadpoles under two conditions: A, in “old” water (thought perhaps 
conditioned by Scaphiopus having lived in it for 24 hours); and B, 
“new” water from the tap. The spadefoot tadpoles used had had no 
food for 24 hours. In A, the spadefoots were negative to the extract 
prepared from some of these Bufo but weakly positive to the mass of 
Bufo tadpoles then added (a few tadpoles investigated and nibbled 
briefly). In B, they were totally negative. I then tested these individ- 
uals in both A and B with the fish food as in Exp. 2A and wiih its 
extract as in Exp. 2B and C. Results were immediately positive and as 
expected. ' 

The negative result here is not consistent with the expected reaction 
and indicates that further experimentation is necessary. One distinct 
possibility is that the evolutionary processes in B. c. speciosus has re- 
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sulted in a protective mechanism in their small tadpoles against the 
rapaceous and much larger spadefoots which often develop in the same 
pools with them. Incidentally this is not true of tadpoles of the closely 
related Bufo cognatus (Bragg, 1940) which may be eaten by the larger 
S. bombifrons, dead or alive. 

Experiment 4. The fish food being fed the tadpoles in the reserve 
cultures appeared adequate for three weeks. It was then noted that 
more than the usual numbers were becoming emaciated, eventually 
dying and being eaten. Since some of the larger, formerly healthy 
individuals were involved, this suggested a dietary deficiency of some 
kind. Perhaps plant materials were necessary (Trowbridge and Trow- 
bridge, 1937). Since I have formerly successfully raised S. bombifrons 
on a diet of boiled lettuce, the following experimental feeding was 
tried. Each of ten finger bowls was half-filled with tapwater and, to 
each, five tadpoles were added, choosing large active ones for some 
bowls, weak and emaciated ones for others; and the animals were fed 
according to the following outline: 

. Large healthy animals and boiled lettuce. 
Lean, weak animals and boiled lettuce. 
. Like A but with fish focd in addition. 
. Like B but with fish food in addition. 
. Large healthy animals and fish food alone. 
. Lean, weak animals and fish food alone. 
. Large healthy animals in water in which lettuce had been boiled 
(no particulate matter present except, probably, bacteria). 
. Small weak ones, otherwise as in G. 

As in G and fish food. 

As in H and fish food. 

. In addition, I had a finger bowl in which 5 Bufo compactilis 
speciosus tadpoles were developing normally on algae. 

Five large but weak and lean S. bombifrons tadpoles were added 

to this bowl with the Bufo. 

L. Five large healthy spadefoot tadpoles were put into a bowl of 
“new” tapwater; and suspended unicellular algae from K were 
added sufficient to give the water a greenish cast. 

M. and N. Bowls were also set up using healthy and unhealthy tad- 
poles respectively, each fed on unboiled lettuce. 

The experiment was continued for two weeks with daily change of 
water and the respective other materials. All cultures sat side by side 
and temperatures were comparable. 

In all cultures in which large healthy tadpoles were used, except 
M, all lived and remained healthy and all but a few metamorphosed. 
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In M, all died within one day. In both A and C, several became heart- 
shaped within a few hours, a condition often noted in pools with abun- 
dant plant materials. This strongly suggests that this body shape is as- 
sociated with plant feeding. 

Where weak tadpoles were used, the results varied. In B, all died 
early. In D, 3 died but the other two completely recovered and were in 
metamorphosis on the 14th day. In F, 3 died, the others becoming and 
remaining healthy. In H, 4 died but one recovered completely. In J 
and N, all died within a few days. 

In K, the addition of the spadefoots changed the conditions so that 
three of the Bufo died. All of the spadefoots remained weak till the 10th 
day when 2 died; on the 12th day another Bufo and another spadefoot 
died. On the 14th day one of each kind of tapole remained, both 
rounded, active and healthy. It is significant, in view of Exp. 3, that 
none of the Bufo tadpoles (dead or alive) were eaten by the spadefoots. 

In L, the tadpoles obviously fed on the planktonic algae, clearing the 
water in two days. More was supplied as needed and all the animals 
were rounded, active and healthy to the end of the experiment 

Conclusions: (1) S. bombifrons tadpoles which become emaciated 
and weak on an inadequate diet recover or not when given adequate 
food depending upon how far their degeneration has gone before the 
new food supply is added. (2) The supplement needed can be supplied 
by green plants, either algae or boiled (but apparently not unboiled) 
lettuce. (3) The cultures made with lettuce water (G, H, I, and J) 
suggest strongly that Scaphiopus bombifrons tadpoles can take food 
substances from solution, because all of the large tadpoles remained 
healthy in G for 2 weeks with no visible particulate matter present; 
and one of the weak ones in H recovered its round-bodied, active con- 
dition within 2 days and thereafter remained healthy under similar 
conditions. The only possible source of particulate matter in these 
cultures (G and H) was bacteria but this seems hardly sufficient to 
make any material difference. 


SUMMARY AND CONCLUSIONS 


Scaphiopus bombifrons tadpoles, all healthy but of different sizes 
(and probably ages) when collected, were found to respond to chem- 
ical more than to physical stimuli in feeding. After several weeks, some 
of these tadpoles (but not others in the same dishes) became emaci- 
ated, died and were sometimes then eaten by their healthy fellows. 
Experimental evidence was secured which indicated that some of these 
weak tadpoles would recover if fed algae or boiled lettuce and one even 
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recovered in lettuce water containing no particulate matter except 
bacteria. One unexpected result was that S. bombifrons tadpoles 
avoided both live and dead tadpoles (as well as an extract made from 
them) of the toad, Bufo compactilis speciosus, sympatric with them. 
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ABSTRACT. About 36,000 bands were placed on Mexican free-tailed bats, Tu- 
darida brasiliensis mexicana from December 1955 through 1958 to clarify their 
patterns of movement. Four large caves in the Edwards Plateau region of Central 
Texas are significant in seasonal movements of the free-tailed bat to its northern 
range, especially to Oklahoma and New Mexico. The location of recaptures suggests 
that the southward migration may follow a more westerly path. Free-tail bats ex- 
change freely between the caves of Central Texas and roost in suitable buildings 
both in Central Texas and on the South Texas Gulf Coast. Each of the four caves 
studied usually exchanged bats most frequently with the nearest foreign area (Okla- 
homa, New Mexico, Mexico and South Texas). Each cave was also quite individual 
with respect to the amount and direction of local movement that existed between it 
and any one of the other three study caves. In early spring and in late fall move- 
ment was not confined to Central Texas. During the summer months, at the time 
of birth and rearing of the young bats, the cave populations were considered stable. 


INTRODUCTION 


In order to clarify the movement patterns of the Mexican Free- 
tailed Bat, Tadarida brasiliensis mexicana (Saussure), throughout the 
year an extensive bat banding program was carried out in Texas be- 
tween 1955 and 1958. This paper reports the data about local and 
migratory movements obtained from this study. 

Several workers have striven to establish the relationship between 
the high summertime bat population observed in the southwestern 
United States and the high poulations observed during the winter 
months in Mexico when free-tailed bats are rare in the United States. 
Villa (1956) reported that ene free-tailed bat banded in September, 
1952 in Carlsbad Caverns was recovered two months later in Jalisco, 
800 miles south of where banded. He also reported that bats banded 
in January, 1956, in northern Mexico were recovered during the sum- 
mer of 1956 in Oklahoma and in the Carlsbad Caverns of New Mexico. 
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Glass (1958, 1959) reported that bats banded in Oklahoma moved 
south from Oklahoma in the fall and moved north again in the spring 
and summer. Finally, Eads et al. (1957) reported that bats in Central 
Texas sometimes moved among the caves in this region, between these 
caves and various buildings in the same general area, and between 
the caves in Central Texas and buildings in the towns of the South 
Texas Gulf Coast. 

Appreciative acknowledgment is made to Dr. John E. Wood and 
Mr. David E. Craigie who greatly aided in the collection of some of 
the data. This research was supported by grant E1040 from the Na- 
tional Institutes of Health, to the Division of Vertebrate Ecology, the 
Johns Hopkins University, and was directed by Dr. David E. Davis. 


METHODS 


During the period from December, 1955 to August, 1956, about 
3,500 bands were placed on bats captured from buildings on the South 
Texas Gulf Coast. During the interval from September, 1956 through 
December, 1958, about 32,500 bands were placed on the forearms of 
bats obtained from caves in Central Texas. 

Bats were trapped at buildings by placing small portable funnel- 
shaped traps or hoppers under the exit, so that bats falling from the 
roost were caught. Bats were readily obtained at caves by using a 
portable variation of the bat harp-trap devised by Constantine (1958). 
In 1957, all night field trips were made bimonthly to each of four 
Texas bat caves: Davis Cave, Blanco Co.; James River Cave, Mason 
Co.; Bracken Cave, Comal Co.; Ney Cave, Medina Co. In 1958 Davis 
Cave was visited regularly at weekly intervals. Depending on the bat 
population present, between 500 and 1.500 new bats were banded each 
night; time was also spent searching for bats that had been banded 
previously. 

In addition to our own bands, we encountered those placed by 
four other agencies: (1) Bernardo Villa, R., Institute de Biologia, 
U.N.H.M., Mexico, D.F.; (2) Dr. Denny Constantine, U. S. Public 
Health Service, who worked at Carlsbad Caverns, New Mexico; (3) 
Dr. Bryan P. Glass, Oklahoma State University, Stillwater; (4) Dr. 
R. B. Eads, et al. of the Texas State Health Dept., Austin. The general 
area studied by these workers are outlined in Figure 1. To orient 
our studies, all recaptures of our bands and all recaptures by us of 
“foreign” bands are discussed herein. 

Use of the words “repeat,” “return” and “recovery” for describing 
recapture of banded bats is adopted from Smith (1957). The seasons 
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of the year, defined with respect to the biology of the free-tailed bat 
in Central Texas, are as follows: Spring, February through May; the 
time of bat movement into the cave area; Summer, June and July, the 
time when birth and rearing of the young occur in the caves; Fall, 
August through November, when the bat population in the Central 
Texas area is decreasing; Winter, December and January, when free- 
tailed bats are rare in this region. 

Due to the unknown extent of mortality among banded bats and 
because we have only crude estimates of the size of the total popula- 
tion, the ratio of banded individuals in a population is rarely known. 
Hence, most of the movement data must be interpreted in geographical 
terms rather than in numbers. Thus we may say that some bats go 
to Oklahoma from Texas, but we cannot say what proportion of the 
population moved north. 


RESULTS 


Band Recoveries Demonstrating Long Distance Movements. The 
recaptures reported in the tables and in figure 1 show that at least 
some bats move among the various areas during the different seasons. 

An interesting aspect of the movement through the Central Texas 
cave area of bats banded in other areas is found in table II (see fig. 1). 
Bats banded during the summer months in Oklahoma and at Carlsbad 
were recovered in Central Texas four times more frequently the sub- 
sequent spring after banding (44 cases) than in the fall shortly after 
banding (11 cases). This difference occurred in spite of the seasonal 
movement southwards that exposed these banded animals to whatever 
overwintering mortality exists. These numbers suggest that the flight 
routes northward in the spring and southward in fall are different. 
Further expansion of this idea is difficult because our studies concern 
only the northeastern portion of the range. Villa (1956), however, 
working in Mexico, suggests that the route of southward migration in 
the fall is more westerly than that used in movement north in the 
spring. The Texas caves may be of greater importance for seasonal 
movement during the spring than in the fall. 

Studies in Premises on the South Texas Gulf Coast. Bats inhabiting 
the coastal area also use the caves approximately 160 miles to the 
northwest in Central Texas (Figure 1) as reported by Eads et al. 
(1957). One bat banded at Refugio, Refugio Co. on May 3, 1956, was 
recovered 8 days later at Mansfield Dam near Austin. In addition, 3 
bats banded during the summer and autumn months in the Texas 
cave area were recovered in the coastal towns during the subsequent 
spring. 
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spring. Presumably the bats wintered south of Texas. Study areas are shaded. Arrowheads 


indicate direction of movement. 


TABLE 1 


Recapture of Bats from Buildings on the South Texas Gulf Coast During 1956 











Bands Placed in 
Where 
Recaptured 


Spring—1417 


Same Town at 
Same Building 
Same Town at 


Different Building 22 0 6 
Different Town 6 0 0 
54 1 9 


TOTALS 


Spring Summer Fall Winter 





Bands Placed in 


Summer—250 
Summer Fall Winter 


Bands Placed in 
Fall—784 
Fall Winter 


2 0 
8 2 
2 2 
12 + 


Total 


36 


39 
14 








TABLE 2 


Recovery of Foreign Bands at the Texas Caves by Season 























Banded Miscellaneous Total foreign 
summer or fall Banded summer or band recoveries Total bands bands recovered 
and recovered fall and recovered in made one year or recovered from at each of the 

late that fall the subsequent spring more after banding these areas Texas bat caves 

23 33 33 33 

A] x= z n= 3 == Y n= 

gy She Fy OR Fy SR Ey oe 

eet ee ei ao ee Fe ES 
Cveot 22689 22999 32999452 933 
Recovery 3858565 285 638 2855 5 285 
James 3 0 0 0 at Oe aes 60070 TO 13 
Davis 4 4 0 0 27 6.0 0 4.4130 31.50 51 
Bracken 0 0 0 0 + 4 7 00 0 4 4 1 011 16 
Ney 0000 8.0.9 1 ;@ 3 @ > 8-3: 3 7 
TOTAIS 7 4:0 0 43660 6 1.3 4 28 8:22 87 

Total = 11 Total = 52 Total = 24 Total = 87 








No foreign bands placed during the spring were recovered that spring or summer 
at the Texas caves. 





Bats banded during the spring months showed a greater tendency to 
remain in residency in a particular town than did those banded in 
summer and autumn. Table I demonstrates that of 54 repeated spring 
captures, only six were in towns other than where banded. Of the 48 
repeats in the same town, 26 were at the premises where banded. In 
June and July bats were rarely encountered on the Gulf Coast and can 
be called transients on the basis of not remaining long in residence in 
the town where banded. The populations in the area were highest 
during August but few were captured. 

Studies at Four Bat Caves in Central Texas. Four caves, Davis, 
Ney, James and Bracken, were intensively studied in 1957 and 1958. 
The geographic positions of these caves can be likened to the four 
corners of a square about 60 miles on a side. In Table II the data on 
seasonal movements are subdivided to emphasize the variation among 
the four caves with respect to long distance movements. Teble II 
indicates the banded bats recovered in Texas caves but banded else- 
where (foreign bands). 

That differing numbers of “foreign” bands were recovered in each 
cave is evident in Table II. Davis Cave yielded the greatest proportion 
of the Oklahoma bands, 35 of 54; 11 of 13 Carlsbad Caverns bands, 
and five of eight of those placed on bats in northern Mexico; 12 Okla- 
homa bands were taken at James Cave. Ney Cave yielded 3 of 8 bands 
from northern Mexico. Bracken Cave yielded 11 of the 12 bands re- 
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covered from the South Texas Gulf Coast. Ney Cave is the nearest of 
the four Texas caves under study to the banding site in northern 
Mexico. The lack of any recaptures in Central Texas either later that 
spring or during the subsequent summer of bats banded in the spring 
in Oklahoma or Carlsbad Caverns lends credence to the view that 
the spring movement is fundamentally undirectional to the north. 

Unfortunately, an insufficient number of the bands placed at the 
Central Texas caves were recovered elsewhere to establish clearly the 
importance of these caves with respect to movement of bats out to the 
other parts of the range. Recoveries of 27 bands placed at the Central 
Texas caves are available. Three of the four bands recovered in Carls- 
bad Caverns and the single one recovered in Oklahoma were placed 
on bats at James Cave. All of the five bands recovered on the South 
Texas Gulf Coast were placed on bats in Bracken Cave. Recoveries of 
17 banded bats from buildings in Central Texas are discussed below. 

Local Movements Among the Four Study Caves. Not only do the 
individual caves play different roles in the movement of free-tailed 
bats to different areas of concentration, but there also appears to be 
seasonal movement among the four caves. Davis et al. (manuscript) 
list the estimated peak population levels of free-tailed bats in 1957 
at the four study caves as follows: at Bracken Cave, 15-25 million; 
at Ney Cave. 7-12 million; at James and Davis Caves, 3-5 million 
each. As similar numbers of bands were placed at the four caves, dif- 
ferent proportions of the population must have been banded. If move- 
ment of bats among these four caves in Central Texas were random, 
and if an appreciably large per cent of the total population did move 
about, with movements from each cave in proportion to its population, 
then bands placed at Davis and James Caves should have been en- 
countered elsewhere most frequently, since these two caves had a 
higher proportion of their populations banded than did Ney or Bracken 
Caves. A Ney Cave band, using this reasoning, should have been en- 
countered elsewhere only about half as frequently as bands from 
Davis or James caves and a Bracken Cave band perhaps only one 
quarter to one fifth as frequently. 

However, from Table III, it is seen that while bats banded in James 
Cave were recaptured most frequently (40), those from Davis Cave 
were rarely recaptured (14), and bats from Bracken and Ney caves 
were recaptured in intermediate numbers (27 and 16 respectively). 
Several patterns of inter-cave movement are suggested. More banded 
bats moved north than south during the spring months in the ratio 
of 16 north to 9 south. Presumably at this time there is a flow of bats 
through these caves to the north. The evidence for the subsequent 
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TABLE 3 


Local Movement Among the Four Study Caves in Central Texas 











Local Movement of Banded Bats, by Season 





























Caves Where Banded and General From Cave Where Banded to Other Study Caves 
Direction of Motion Spring Summer Fall Total 
North from Bracken and Ney = ae” 1 23 
South from Davis and James 9 3 3 15 
East from James and Ney 33 4 3 4) 
West from Bracken and Davis 12 5 1 18 
From James to Davis 27 2 3 32 
From Davis to James y 0 0 Y 
From Davis to Other Three Caves 13 1 0 14 
From James to Other Three Caves 30 4 6 40 
From Bracken to Other Three Caves 15 10 2 27 
From Ney to Other Three Caves 12 + 0 16 


TOTAL DISPERSION 70 19 8 97 





movement south in the fall is meager—three south and one north. 
An explanation for these meager data may be a combination of two 
factors: (1) as suggested above, fall movement south may follow an- 
other route; and (2) bat movement generally is out of the Central 
Texas area rather than among caves within the region. 

Another movement appeared during the spring, as 33 of the banded 
bats recovered moved west to east as compared to only 12 that moved 
from east to west. However, this eastward movement is accounted for 
almost entirely by an extensive flow of bats from James Cave to Davis 
Cave: 27 from James to Davis and only seven from Davis to James. 
As Davis Cave yielded the majority of recoveries of bats banded in 
Oklahoma and recovered in the subsequent spring in Central Texas, it 
is possible that the flow of bats from James Cave through Davis Cave 
indicates that Davis Cave is the main point of departure from these 
four Texas caves to the Oklahoma cave area. In general, banded bats 
from the other three caves tended to congregate at Davis Cave. 

Movement Between Caves and Buildings in Central Texas. Bats 
banded in each of the four Texas study caves were recovered from 
buildings in Central Texas. The only obvious seasonal pattern is that 
ten of 17 were late spring or summer recoveries of bands placed earlier 
that spring at the caves. The majority of recoveries in buildings in 
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A ave nee 


Central Texas were in the general region to the east of the Balcones 
Escarpment, the shaded line on the map. To the west of this line is 
the sparsely-populated “Hill Country” of Texas and to the east are 
the Gulf Coastal Plains. 

Duration of Residence at the Texas Caves. A measure of the length 
of time in an area (residency) is helpful in comparing seasonal dif- 
ferences in the amounts of interchange between caves. Table IV indi- 
cates residency at these four caves throughout most of the year. The 
months in which banding occurred are listed along the ordinate, and 
also the number of bands placed during those months. The number of 
bands caught in each of the subsequent months after banding occurred 
are recorded along the abscissa. Intercave movement is expressed as 
the ratio of bands recaptured at the three study caves other than the 
one where banded to the total number of bands recaptured at all four 
caves. 

Early spring and late fall local movements are low because these 
times are the general periods of seasonal movement to other areas, 
and result in fewer intercave band recoveries. There are, however, two 
distinct peaks representing intercave movement—in late spring and 
again in early fall. During June and July, when birth and nursing of 
young take place, intercave movement is least and group integrity and 
residency are greatest. Note that in the fall (August to October) some 
bats are recaptured at a “foreign” cave within the half-month period 
when banded, thus indicating prompt movement. 


TABLE 4 


Intercave Movement During 1957. Monthly Ratios: Band Recaptures at the Three 
Caves Other Than Where Banded to Total Number of Bands Recaptured 





| 








> o ¿3 4 + 

y p oe Bes dE da 1 ¡+ = E E = - O 
dd ogaed? 34 11 12 772 27 J3 3% 24 
March 829 0/10 3/10 0/1 3/7 
April 2096 7/23 4/25 2/8 0/4 0/4 
May 5400 33/60 7/40 3/15 2/7 2/6 
June 3400 5/30 3/11 3/11 6/10 
July 6400 4/80 0/16 2/18 1/11 1/11 
August 1800 3/3 1/7 0/1 
September 500 7/7 1/1 
October 700 0/7 1/2 


0/10 10/33 37/86 17/85 10/110 18/48 12/49 2/14 1/11 
Totals 21,125 0 D 2. 3% a So ff 2 
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SUMMARY 


About 36,000 bands were placed on Mexican free-tailed bats, Tada- 
rida brasiliensis mexicana from December 1955 through 1958 to 
clarify their patterns of movement. Four large caves in the Edwards 
Plateau region of Central Texas—Davis Cave, Blanco Co.; James 
Cave, Mason Co.; Ney Cave, Medina Co.; and Bracken Cave, Comal 
Co.—appear to be significant in the spring seasonal movement of the 
free-tailed bat to its northern range, especially to Oklahoma and New 
Mexico. During the fall southerly migration these four caves appear 
to be less important. It is suggested that the southward migration may 
follow a more westerly path. 

Free-tail bats exchange freely between the caves of Central Texas 
and roosts in suitable buildings both in Central Texas and on the 
South Texas Gulf Coast. In the latter region the spring populations 
tend to remain in an area longer than at any subsequent time through- 
out the year, while the August peak populations have a high turnover 
rate and the low summertime populations are made up of transient 
bats. 

Each of the four caves studied usually exchanged bats most fre- 
quently with the foreign area (Oklahoma, New Mexico and South 
Texas) nearest to the cave in question. Each cave was also quite in- 
dividual with respect to the amount and direction of local movement 
that existed between it and any one of the other three study caves. In 
early spring and in late fall movement was not confined to Central 
Texas. Considerable local movement among the four study caves oc- 
curred in late spring and early fall. The cave populations were con- 
sidered stable, at the time of birth and rearing of the young bats during 
the summer. 
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(PLIOCERCUS ELAPOIDES) FROM SAN 
LUIS POTOSI, MEXICO 


Ernest A. LINER 


P. O. Box 468, Hammond, Louisiana 


ABSTRACT: A new subspecies of Pliocercus elapoides is described from San Luis 
Potosi, Mexico with comparisons to other Mexican forms of Pliocercus elapoides 
and to Pliocercus laticollaris. 


In the summer of 1958, while collecting reptiles and amphibians 
in Mexico, a single specimen of Pliocercus was collected which ap- 
parently represents an undescribed form of Pliocercus elapoides. 


PLIOCERCUS ELAPOIDES HOBARTSMITHI ssp. nov. 


HOLOTYPE: Tulane University Museum of Zoology No. 17600, 
from El Salto Falls, San Luis Potosí, Mexico; collected by Ernest A. 
Liner, July 30, 1958. 

DIAGNOSIS: A Pliocercus elapoides with a pattern of broad red 
rings bordered on each end with narrow yellow rings and these sepa- 
rated by 11 complete black body rings. All the black rings are single, 
not having secondary black rings on the red rings bordering the yel- 
low. The nuchal collar is 6 dorsal scales long, includes the posterior 
end of the parietals and is complete ventrally. The black rings consist 
of 3 to 4 dorsal and ventral scales. 

DESCRIPTION OF HOLOTYPE: The type specimen is a juvenile 
male having a body length of 122mm and a tail of 21mm (incom- 
plete). 

Head scales consists of rostral, 2 internasals, pre- and postnasals, 
frontal, parietals, 1-1 supraoculars, loreals, 2-2 preoculars, 2-2 post- 
oculars, 1+1-—1+1 temporals, 8-8 supralabials, round pupil, 9-9 infra- 
labials, mental, 2 pairs of chinshields; head wider than neck; 4th and 
5th supralabial entering orbit. 

The dorsal scales are in 17-17-17 scale rows with 126 ventrals and 
29+ divided caudals and a divided anal. 

The snout is black from the posterior edge of the frontal and lateral 
anterior edge of parietals curving forward under the eye and covering 
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the anterior end of the first temporal and dorsal two-thirds of supra- 
labials and rostral. A yellow band crosses the parietals to angle of jaw 
and supralabials; lower jaw is immaculate. In preservative the yellow 
appears cream colored. Lower edge of supralabials light; nape of head 
is black, covering posterior edge of parietals and 2nd temporal and 
extending a length of 6 dorsal scales. The black collar converges ven- 
trally to cover 2 ventrals. A narrow yellow ring exists next to the black 
nape band one or two half scales wide. A red ring of 6 or 7 dorsal scale 
lengths follows. Each primary black ring is bordered anteriorly and 
posteriorly by a yellow ring cne or two half scales wide and separated 
by a red ring. There are 11 primary black rings on the body and 2+ 
black tail rings. There are also 11 red body rings with 3+ red tail 
rings. Each red scale posteriorly has a large black spot. The primary 
black body rings completely encircle the body and cover 3 to 4 dorsals 
and ventrals. The black tail rings are 414 to 5 scales long dorsally and 
4 scales long ventrally. The red rings cover 6 to 7 dorsals and do not 
extend onto the ventrals and neither do the yellow rings extend onto 
the ventrals. The red tail rings cover 6 dorsal scale lengths. Between 
the black rings the ventrals are immaculate. A black ring covers the 
anal region and is here considered a body ring. Eight ventral scales 
separate the black rings. 

COMPARISONS: Pliocercus elapoides hobartsmithi can be sepa- 
rated from Mexican members of Pliocercus elapoides by the following: 
From Pliocercus elapoides elapoides by the black rings not being in 
triads; a complete nuchal collar ventrally; 11 dorsal black rings in 
males. From Pliocercus elapoides diastemus this new form can be 
separated by fewer infralabials (9-9); more black body rings (11); 
black rings single, all complete; complete nuchal collar ventrally. 
From Pliocercus elapoides celatus this form can be separated by fewer 
dorsal scales (6) in nuchal collar; nuchal collar involving labials and 
posterior end of parietals; nuchal collar complete ventrally; black 
body rings involving fewer (3 or 4) dorsal scales; complete absence 
of secondary black rings. From Pliocercus elapoides schmidti this 
form can be separated by a black snout; a higher number (6) of dor- 
sal scales in nuchal collar; nuchal collar complete ventrally; black 
rings cover 3 to 4 ventrals; no outer rings of black. From Pliocercus 
laticollaris this form can be separated by complete black rings; com- 
plete nuchal collar ventrally; fewer infralabials (9); no secondary 
black rings; frontal not involved in yellow head band. A comparison 
with this species was given as it has been considered to be a subspecies 
of Pliocercus elapoides by Smith (1941, 1942), Smith and Taylor 
(1945). However, Taylor (1949) has suggested that laticollaris may 
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be a full species since a specimen has been found in San Luis Potosi 
which overlapped the range of two subspecies of elapoides at that time. 
Since then Smith, Smith, and Werler (1952) have found another sub- 
species (celatus) which it overlaps. With the discovery of hobartsmithi 
from eastern San Luis Potosi this would seem to substantiate Taylor’s 
suggestion that laticollaris be considered a full species though closely 
related to the Pliocercus elapoides group. 

DISCUSSION: Pliocercus elapoides hobartsmithi is more closely 
related to schmidti and celatus than to any other members of the spe- 
cies. However, the differences have been pointed out under the section 
of comparisons. It appears that hobartsmithi is an intermediate form 
between these two subspecies. 

RANGE: Pliocercus elapoides hobartsmithi is known only from the 
type locality with the type being the only known specimen. 

Previously only a single specimen of Pliocercus has been found in 
San Luis Potosí and this specimen (Pliocercus laticollaris) was re- 
ported on by Taylor (1949) and figured by Taylor (1950). However, 
Smith (1943) in his description and subsequent papers (Smith and 
Taylor, 1945; Smith, Smith, and Werler, 1952) states that Pliocercus 
elapoides celatus should probably be found in eastern San Luis Potosi. 
Presently celatus has been collected from Ciudad Victoria, Tamaulipas 
(type) (Smith, 1943), the Gómez Fariás area, Tamaulipas (Martin, 
1958)* and 2 mi S Tihuatlán, Veracruz (Smith, Smith, and Werler, 
1952). Pliocercus elapoides schmidti appears to be closely related 
although geographically it is widely separated. This form has been 
found at Chichen Itza, Yucatan (type), Tres Brazos and Encarnación, 
Campeche (paratype) and is known only from the type series. 

From the above discussion it appears that this new form has a range 
west and adjacent to that of Pliocercus elapoides celatus. 

REMARKS: This specimen was found moving about leaf mold on 
the side of the mountain at the edge of the falls. Facing the falls this 
area would be on the right hand side. The immediate area is constantly 
damp due to mist from the falls. A thorough search of the area failed 
to produce any other specimens or salamanders which is the normal 
food of the genus (Stuart, 1948; Martin, 1958). However, in the same 
area but away from the mist of the falls and in the open area 5 
Sceloporus variabilis variabilis, 3 Cnemidophorus sacki gularis, and 3 
Bufo valliceps were collected. 

While collecting this snake it was thought to be a Micrurus so the 
normal precautions were taken. As a result part of the tail was broken 
off and ultimately lost. While pinning it down and picking it up by 


* However, Martin did not clearly refer his specimens to celatus. 
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the tail that appendage was given off like that of a lizard. This is the 
first time I have observed this behavior in snakes and I know of no 
recorded instance where this has been reported. In reading the de- 
scriptions of the various species it was noted that many of the few 
known specimens of this genus have incomplete tails. In many lizards 
the tail is given up as a means of escape and the question arises if 
Pliocercus young or the young of other snakes might not use this same 
method as a means of escaping capture. It is not uncommon to collect 
snakes with incomplete tails but usually this is thought to be due to 
some injury. 

This subspecies is named after Dr. Hobart M. Smith who has con- 
tributed much to the knowledge of this genus in Mexico. 
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INSECT SWARMS COMING TO LIGHT TRAPS 


MARTHA W. SHACKLEFORD 


Oklahoma College for Women, Chickasha 


ABSTRACT. During June and July, 1959, two light traps were maintained at 
the University of Oklahoma Biological Station, near Lake Texoma. The traps were 
operated for two hours after sunset each night. Three major swarms occurred which 
included many different species of insects and involved two widely separated traps. 
These major swarms appeared at intervals of three to four weeks. This suggests that 
there had been a pile-up of insects and an “explosion” on the night when condi- 
tions favored dispersal. These swarms demonstrated a biotic community reacting as 
a whole, and occurred when weather conditions provided minimum evaporation. 
The swarms appeared abruptly, following nights when catches were low, and were 
followed by nights when catches fell to moderate, not minimal, totals. Individual 
species followed the same pattern as did total numbers. 


Outbreaks, swarms, pulses, ecological explosions—all characterized 
by sudden increases in number—are phenomena meriting attention as 
a phase of population dynamics. An inescapable feature of the sum- 
mer nights is the swarms of insects which collect about lights, both 
indoors and outdoors. A majority of these swarms are minor in that 
they occur over a small area and consist primarily of a single species, 
But, from time to time, major swarms occur, involving a number of 
species and orders, and blanketing a wide area. Three such extensive, 
diversified, major swarms were studied in the summer of 1959 at the 
University of Oklahoma Biological Station, near Lake Texoma, Okla- 
homa. 

METHOD: Two light traps were operated during June and July, 
1959. They were in operation for two hours after sunset and were 
turned on at any convenient time in the early evening while it was 
still daylight. They were rectangular metal traps, made of galvanized 
metal, finished gray, and of glass. Their dimensions were 12 inches 
by 12 inches by 14 inches. A large cyanide jar was screwed into the 
floor of each trap. They were purchased from the General Biological 
Supply House, Chicago. One trap, the woods trap, was located in a 
woodland glade west.of the station, and was operated by flashlight 
batteries. The other trap, the laboratory trap, was placed just north 
of the laboratory and was connected by an extension cord to the light- 
ing system of the laboratory. It contained a 60-watt bulb and faced 
out over a bermuda grass lawn. Both traps were about one-eighth mile 
from Lake Texoma which is surrounded by oak-savannah. The traps 
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were one-third mile apart. A hygrothermograph was operated at the 
laboratory trap. 

Collections that numbered over 80 individuals in the woods trap 
and over 250 individuals in the laboratory trap were considered 
swarms. These minimal numbers, arbitrarily established, took into 
consideration the difference in strength of light source and of area 
illuminated by the two traps as evidenced in total numbers coming 
to the traps. Swarms were designated as “major” if they occurred in 
both traps on the same night, “minor” if they occurred at one trap 
only. 

RESULTS: Although there were fifteen minor swarms, involving 
large numbers at one trap but not at both, only three major swarms 
developed. They occurred June 12, July 8, and July 29. 

The composition of the three major swarms averaged as follows: 


woods laboratory 
trap trap 
Family Chironomidae, Order Diptera 32% 24% 
Family Culicidae, Order Diptera 37 17 
“Phanton midges” 
Coleoptera, very small 7 23 
Coleoptera, large, such as 1 13 


Phyllophaga submucida (LeConte) 
Hybosorus illigeri Reiche 
Cyclocephala immaculata (Oliv. ) 
Anomala flavipennis Burm. 
Phyllophaga longitarsa (Say) 
Bothynus gibbosus (DeGreer) 
Phyllophaga crassissima (Blanchard) 
and unidentified Carabidae 


Hemiptera, Family Cicadellidae 11 9 

“leafhoppers” 
Lepidoptera, ““moths” 3 5 
Others 9 9 
100 100 


These major swarms were, taxonomically speaking, cosmopolitan in 
nature. The woods trap attracted more small Diptera and fewer 
Coleoptera than did the laboratory trap. 

On the night of a major swarm, the air remained calm from sunset 
until after the trap was emptied. Ordinarily in this area, the wind 
drops at sunset but begins to blow again after dark. On the nights when 


222 








major swarming occurred, however, the air remained calm and the 
humidity registered over 95 per cent. That dispersal swarms occurred 
on nights of little wind and high relative humidity may have been re- 


TABLE 1 


Comparison of Major Swarms Coming to Light Traps 








Laboratory Trap Woods Trap 
June 12 July8 July 29 June12 July 8 July 29 


Total number of insects in the swarm 579 24. 


5 613 135 650 1202 

Total number collected previous night 36 65 42 7 6 3 
Total number collected night 

after swarm 297 49 185 41 211 42 


Notoxus calcaratus Horn 
(Coleoptera, Anthicidae) 
Average number per collection 
previous nights 
Number on night of swarm 
Average number per collection 
five nights following swarm 3.8 2.4 
Chaoboris punctipennis (Say) 
(Diptera, Culicidae) 
Average number per collection 


- 
to 
Do 
to 
tub tud 
o 


previous five nights 20 35 10 18 3 + 
Number on night of swarm 11 204 124 50 167 81 
Average number per collection 

five nights following swarm 66 8 20 35 


Graminella nigrifrons (Forbes) 
(Hemiptera, Cicadellidae) 
Average number per collection 


previous five nights 2 0.2 0 0.2 0 0 
Number on night of swarm 12 16 1 2 22 16 
Average number per collection 

five nights following swarm 3 0.2 2.4 0 

Deltocephalus sonorus Ball 

(Hemiptera, Cicadellidae) 

Average number per collection 

previous five nights 0.8 0 4.2 0 0 0.2 
Number on night of swarm 6 1 3 17 0 7 
Average number per collection 

five nights following swarm 1 0.6 1 0 

Atenius platensis (Blanch.) 

(Coleoptera, Scarabaeidae) 
Average number per collection 

previous five nights 10 0.2 3 0 0.2 2.8 
Number on night of swarm 123 4 20 0 0 12 
Average number per collection 

five nights following swarm 8.6 0.8 0 3.6 
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lated to the danger of desiccation which must have been critical on 
other nights. However, it should be noted that swarming did not occur 
on many nights on which swarming conditions prevailed. 

On the night preceding a major swarm, there was a small collection. 
The numbers rose suddenly to a peak on the night of the swarm. On 
the night following a swarm, there was no sudden drop to a very small 
catch, but only a substantial lessening in numbers. This pattern pre- 
vailed for totals in the case of every major swarm (Table 1). 

When numbers in five abundant species were investigated, in most 
cases the same pattern appeared (Table 1). These insects were present 
before the swarm in minimal numbers, reached a peak on the night of 
the swarm, and appeared in diminished but not minimal numbers on 
nights following the swarm. There were exceptions as, for example, 
Chaorboris punctipennis (Say) June 12, laboratory trap, which was 
more abundant on the night following the major swarm than on the 
night of the swarm. The behaviour of each individual species was 
similar to the mass phenomenon although the species involved were 
taxonomically widely varied. It seemed as if the life cycles of these 
arthropods were synchronized so that simultaneous night movements 
occurred. What survival value resulted from the movement to light of 
these varied night-swarming insects was not clear. 

Since numbers rose from a very low catch to the swarm peak and 
fell off less abruptly, it appears that there had been a pile-up of insects 
and an “explosion” on the night when conditions favored dispersal. 
The fact that three to four week intervals occurred between major 
swarms suggests that there may be some truth in the pile-up theory. 


ACKNOWLEDGMENTS 


The author gratefully acknowledges the assistance of the staff at the 
University of Oklahoma Biological Station, O. L. Cartwright, U. S. 
National Museum, and T. J. Spilman and J. P. Kramer, U. S. Depart- 
ment of Agriculture, Washington, D.C., who made specific identifica- 
tions. 


224 











THE SOUTHWESTERN NATURALIST 5(4): 225-229 DECEMBER 20, 1960 





NOTES 


DYSSODIA MUTICA M. C. JOHNSTON (COMPOSITAE), NEW SPECIES.— 
Plantae herbaceae habitu D. tenuilobae similes; phyllaria involucri ca. 14 in serie 
duplici alternante, omnino conjuncta, etiam marginibus, phyllariis omnibus costam 
median perspicuam atque in dimidio inferiore glandes lineares subroseas praebenti- 
bus; pappus radii discique similis, e 10 paleis brevibus muticis, scarosis constans. 

Aromatic, glabrous, much-branched, diffuse, annual (?) herbs 10-25 cm tall; 
taproots slenderly napiform, 1.5-4 mm thick; main stem 1-3 mm thick, erect or 
ascending, 1-15 cm long; branches decussate on the lowest part of the main stem, 
but mostly alternate, eventually far surpassing the main stem, often horizontal or 
only weakly ascending but terminating in rigidly erect, nearly naked, monocepha- 
lous peduncles, slightly thickened below the heads, 5-11 cm long; internodes in the 
leafy portions much shorter than their subtending leaves; stems and branches green, 
soft, markedly striate, the costellae leading to the midveins of the leaves. Leaves soft, 
not wiry, essentially sessile, the lowermost decussate, but most alternate, 1.5-3 cm 
long, about half as broad, pinnatisect into 3-5 pairs of divisions which are not al- 
ways opposite, the lowest pair being the shortest, and with the midpart prolonged into 
a terminal lobe, the midpart and divisions narrowly linear, beset with a few minute 
oval reddish glands, and tipped with whitish spinescent mucronulae; stipules absent. 
Bractlets of the peduncles remote, linear-subulate, ca. 2 mm long, appressed. Heads 
radiate, 60-80 flowered, both rays and disk fertile. Involucres campanulate, ca. 5 
mm long and about as broad at top; phyllaries ca. 14 in 2 alternating series of ca. 7, 
all united and the margins of the outer series completely connate with the exterior 
surfaces of the inner series and indistinguishable; each with a prominent median 
costa (giving the involucre a fluted appearance), an extensive pale green herbaceous 
lower half beset with numerous linear reddish glands, a smaller dark green portion 
above with small oval or round glands, and a free triangular, non-glandular, scari- 
ous tip with irregular margins; calyculum absent or occasionally the uppermost 
peduncular bractlet arising at the base of the involucre. Receptacle convex to 
hemispheric, Ray-flowers ca. 10-14, often one in each interior sulcus (i.e., exterior 
costa) of the involucre; rays ca. 2.5-4 mm long, oblong-elliptic, apically and mar- 
ginally entire; yellow. Disk-flowers numerous, the corollas yellow, linear, tubular, 
with 5 minute, acute teeth. Achenes of rays and disk similar, linear, terete, 2-2.4 
mm long, black, sparingly strigose. Pappus of rays and disk similar, of uniformly 10 
scarcious paleae, a little less than 1 mm long, muticous. Gametic chromosome num- 
ber n= 8, as determined by B. L. Turner from pollen mother cells of buds pickled 
at time of collection. TYPE: Mexico, Tamaulipas, 15 miles by highway west of Gon- 
zales toward Mante, elev. 650 ft., M. C. Johnston 4925, Dec. 10, 1959 (holotype, 
TEX; isotypes to be distributed). The species is known only from the type collection. 

This species is apparently related to the group which includes D. tenuiloba (DC.) 
Rob., D. treculii (Gray) Rob., and D. texana Cory, from all of which it differs in the 
glandularity and fluting of the involucre and form of the pappus. All these species 
apparently have the same aromatic oils, and they appear to differ in smell from 
other Dyssodias of my acquaintance except perhaps D. aurea (Gray) A. Nels. and 
D. tenuifolia (Cass.) Loes. All the above-named species differ from the superficially 
somewhat similar ones including D. pentachaeta (DC.) Rob., D. hartwegii (Gray) 
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Rob.. and D. belenidium (DC.) Macl. in important details of habit, involucre, and 
probably essential oils. 

The collection of these plants was made incidental to field work carried out under 
a grant from the National Science Foundation, G9234, under the direction of Dr. 
Calvin McMillan, to whom 1 am much obliged. The Latin diagnosis is the work of 
Hannah Croasdale.—Marshal C. Johnston, The Plant Research Institute, The Uni- 
versity of Texas, Austin 12, Texas. 


A RANGE EXTENSION FOR THE CHIHUAHUA PINE IN NEW MEXICO— 
The range of the Chihuahua Pine, Pinus chihuahuana Engelm., in New Mexico is 
given by Wooton and Standley (“Flora of New Mexico,” 1915) as “Animas and San 
Luis mountains” (p. 32). Even so recent an author as E. L. Little (“Southwestern 
trees; a guide to the native species of New Mexico and Arizona,” Agric. Handbook 
No. 9, 1950) cited essentially the same distribution for this pine. 

The range extension recorded here, although only a minor one of perhaps 70 
miles, will probably be a matter of interest to botanists and foresters of the state, 
nevertheless. On June 30, 1956, while on a botanical collecting trip in southwestern 
New Mexico, the writer happened upon a small grove of this pine beside the road up 
Bear Mountain, approximately 8 miles (by road) northwest of Silver City, Grant 
County. Here, on a north-facing slope at approximately 6700 feet elevation, it was 
associated with Pinus edulis Engelm., Juniperus deppeana Steud., Quercus grisea 
Liebm., and Q. emoryi Torr. A collection (J. M. Tucker 3153) was made from a 
representative tree approximately 25 feet tall, with a trunk diameter of 7-8 inches 
(d. b. h.). The original specimen of this collection is on file in the Botany Depart- 
ment Herbarium, University of California, Davis; duplicates were distributed in 
November. 1957.—John M. Tucker, University of California, Davis. 


A NEW NAME FOR THE SNAKE, ARIZONA ELEGANS ARIZONAE.— 
Through the courtesy of Kenneth L. Williams and Hobart M. Smith, Department 
of Zoology, University of Illinois, 1 have learned that Coluber arizonae Boulenger is 
a replacement name for Arizona elegans Kennicott, and therefore is not available 
for the population designated as Arizona elegans arizonae (Dixon, 1959, Southwest- 
ern Naturalist, 4(1): 20-29). As a substitute, I propose the name Arizona elegans 
arenicola, so named for the snake's affinity to sandy soils.—James R. Dixon, A. de M. 
College of Texas, College Station. 


THE INCIDENCE OF HEPATOZOON SERPENTIUM IN SOME TEXAS 
SNAKES.—A total of 169 snakes, representing 18 species, were tested for the 
presence of the blood protozoan, Hepatozoon serpentium. Specimens for this study 
were collected over a 14 month period, March 30, 1959-May 30, 1960. The majority 
of the snakes were collected west of the 100th Meridian, in the Panhandle and South 
Plains. East of the 100th Meridian collections were made in the counties of Palo 
Pinto, Parker, Kaufman, Hardin, Gillespie, and Llano. 

In examining the blood smears, if no parasites were found within a time limit of 
20 to 30 minutes, the smear was considered negative. A smear was considered positive 
if at least one parasite was found. Precautions were taken to prevent contamination 
of the smears by other blood. 

As can be seen from the Table, the largest number of one species was of Crotalus 
atrox. Out of 101 specimens tested, 62 were infected, and most of the infections were 
heavy. All but 13 of the 101 rattlesnakes were collected in March, when they were 
driven from their hibernation dens by gasoline fumes. The remaining 13, taken 
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TABLE 1 


Incidence of Blood Protozoan Hepatozoon Serpentium in Texas Snakes 








Number of Number of 





Host 

CROTALIDAE | 
Agkistrodon contortrix 3 
Crotalus atrox 101 
Crotalus lepidus 1 

COLUBRIDAE 
Diadophis punctatus 1 
Elaphe guttata 1 
Heterodon nasicus 2 
Heterodon platyrhinos 4 
1 


Lampropeltus getulus 1 


Masticophis flagellum 4 


Natrix erythrogaster 9 


Natrix rhombifera + 
Pituophis catenifer + 
Sonora episcopa 12 
Storeria dekayi 3 
Tantilla gracilis 5 


Thamnophis marcianus 4 


Thamnophis sauritus 5 


Tropidoclonion lineatum 3 


TOTALS 169 


Specimens Infections 


0 
62 


—_ 


ow 


to 


o hc co. oa 


Date of 
Capture 
April 


March (88) 
June—Nov. (13) 


August 


June 
June 
November 


June & July 
April 


July 


April, July, & 
November 


June 
April 


April 


June, July, & 
November 


April 
April 
April 


June & July 


April, June, 
July, & August 


April 


Localities (Counties 





Kaufman, Hardin 


Briscoe, Crosby, Dickens, 
Garza, Lynn, Martin, 
Nolan, Scurry 


Jeff Davis 


Briscoe 
Randall 
Lubbock 


Armstrong, Crosby, Garza 
Kaufman 


Kaufman 


Kaufman, Randall, Gaines 


Lubbock 
Hardin, Llano 


Hardin, Kaufman 


Dickens, Gaines, Lubbock, 
Wheeler 


Palo Pinto, Parker 
Hardin 
Kaufman 


Armstrong, Briscoe, 
Crosby, Randall 


Briscoe, Hutchinson, 
Gillespie, Hardin 


Palo Pinto 
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from June to November, had approximately the same rate of infection as those taken 
in March. 


The water snakes, Natrix, showed a very low incidence of infection, only one out 
of 15 being parasitized. 

The very small ground snakes, Diadophis, Tantilla, and Sonora, showed no in- 
fection, although except for Sonora, the number tested was too small to be significant. 

It is interesting to note that of eleven species taken in counties East of the 100th 
Meridian, only two were infected with Hepatozoon, whereas West of the 100th 
Meridian, seven of eleven species were infected. 

This survey was supported by grant No. E616 from the National Institute of 
Allergy and Infectious Diseases, U. S. Public Health Service.—Jessie Lee Hilman 
and R. W. Strandtmann, Department of Biology, Texas Technological College, 
Lubbock. 


BARNACLE GOOSE IN OKLAHOMA.—On November 21, 1958, a Barnacle 
Goose (Branta leucopsis) was observed by me in the Sand Creek Bay area of the 
Salt Plains National Wildlife Refuge near Jet, Alfalfa County, Oklahoma. The bird 
was observed from a blind at a distance of approximately 100 yards with the aid of a 
7 x 35 binocular. It was feeding with a flock of about 4,000 small Canada Geese 
(Branta canadensis subsp.) near a goose-trapping area. During the period of obser- 
vation (about five minutes) there was no obvious antagonism between it and any 
of the Canada Geese. Because of its distinct plumage markings, I believe it was an 
adult. So far as I know, Branta leucopsis has not heretofore been reported either 
from Oklahoma or from the Central Flyway.—Richard E. Marquardt, Oklahoma 
Cooperative Wildlife Research Unit, Oklahoma State University, Stillwater, Okla- 
homa. Zoology Contribution No. 297. 


NEW RECORDS OF ECTOPARASITES ON BATS IN WEST TEXAS.—IN- 
SECTA. Cimer pilosella, the bat bug. Five bugs taken one each on five individuals 
of Eptesicus fuscus, the big brown bat, collected as they were leaving the eaves of a 
church in McAdoo, Crosby County, Texas. Earlier and later collections of bats at 
this church did not carry bugs. 


ACARINA; Sarcoptiformes: Teinocoptes lasionycteris (Boyd and Bernstein). On 
Tadarida brasiliensis, the Mexican free-tailed bat, caught in Childress County, 
7-V1-59, and in Edwards County, Devil's Sinkhole, 15-VIII-59; and on Plecotus 
rafinesqui, the western long-eared bat, collected in caves on the Hedgecoke ranch, 
Armstrong County, Texas, January 1960. The mite was most abundant on the 
long-eared bat, where it was attached in large numbers inside the ears. 

Mesostigmata: Ornithonyssus sylviarum (Canestrini et Fanzago), the northern 
fowl mite. On Eptesicus fuscus, the big brown bat, collected in a barn on the English 
ranch, Crosby County, Texas, 13-VII-1959; on Myotis velifer, the cave bat, collected 
in a barn on the English ranch, Crosby County, Texas, 3-VII-1959. Dermanyssus 
gallinae (DeGeer), the common fowl mite. On Myotis velifer collected in a barn on 
the English ranch, Crosby County, Texas, 3-VII-1959; and on Pipistrellus subflavus, 
collected in Panther Cave, Hardeman County, 27-1-1959. 

Trombidiformes: Pteracarus chalinolobus (Womersley) on Plecotus rafinesqui, 
collected in caves on the Hedgecoke ranch, Armstrong County, Texas, January 1960. 

Of particular interest is the fact that Dermanyssus gallinae and Ornithonyssus 
sylviarum, both common and serious fowl mites, were recovered from flying bats. 
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This clearly demonstrates that under some conditions bats may be attacked by fowl 
mites and act as distributors of the mites. 

This study was supported by grant E616 from the National Institute of Allergy 
and Infectious Diseases, U. S. Public Health Service.—John E. George and R. W. 
Strandtmann, Texas Technological College, Lubbock. 
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